Introduction
Chest physiotherapy and breathing exercises are often prescribed to patients undergoing cardiac surgery in order to prevent or reduce post-operative pulmonary complications. There is an agreement on the value of pre-and post-operative breathing exercises and physiotherapy treatment [1] [2] [3] [4] . The literature contains examples of different breathing techniques with and without mechanical devices after cardiac surgery [3, [5] [6] [7] , but there is controversy regarding which breathing techniques are the most effective.
Surveys describing chest physiotherapy management of patients undergoing cardiac surgery have been carried out in Australia and New Zealand [8] and in Canada [9] . The use of positive pressure devices during hospitalisation in Brazil has also recently been presented [10] . It appears to be various recommendations of breathing exercises for patients undergoing cardiac surgery around the world. To date, no survey describing the use of post-operative breathing exercises for cardiac surgery patients in Europe has been carried out.
The aim of the present study was to determine current physiotherapy practice regarding breathing exercises for patients undergoing cardiac surgery in Sweden.
Methods
The study design was a national postal questionnaire survey to all physiotherapists working at the departments of cardiothoracic surgery in Sweden. The survey applied to chest physiotherapy treatment of adult patients undergoing uncomplicated cardiac surgery including coronary artery bypass grafting (CABG), mitral, aortic, and tricus-ABSTRACT: Chest physiotherapy and breathing exercises for cardiac surgery patients in Sweden -A National survey of practice. E. Westerdahl pid valve surgery, or a combination of these, including off-pump surgery. To determine the standard clinical practice, routine pre-and post-operative care of a hypothetical, "everyday patient" was considered. The care of patients developing complications or other conditions requiring individualised treatment was not considered. Physiotherapists only treating children or adult patients undergoing other types of surgical procedures were asked to return the questionnaire unanswered.
A total population sample of 33 physiotherapists working at the departments of cardiothoracic surgery in Sweden during December 2007 and January 2008 was identified. The hospitals performed cardiac surgery, with a range from 310 to 1,635 operations per year during 2007. The average physiotherapy staffing level was 3.2 (range 1-5) full-time equivalents. The median length of post-operative hospital stay for the cardiac surgery patients was 9 days.
The questionnaire was developed for this specific study, and was based on a detailed review of the literature and previously developed questionnaires [8, 9] . Suitable items were selected and modified to Swedish conditions as necessary. Structured and open-ended questions were asked about routine care of patients undergoing cardiac surgery. The questionnaire consisted of questions on pre-and post-operative physiotherapy treatment. The research focus had two aspects; mobilisation and range of motion exercises [11] , and breathing exercises, presented in this paper (appendix 1).
The author identified the names and addresses of the respondents during a Swedish Thoracic Society meeting in October 2007. The names were cross-checked via phone or mail by the author at each hospital immediately prior to start to the study start, and in total 36 physiotherapists were identified. The questionnaire was addressed personally to the physiotherapists identified. A covering letter and a prepaid response envelope were included with each questionnaire. A reminder letter and another copy of the questionnaire were sent after 2-3 weeks, if the questionnaire had not been returned.
The Regional Ethics Review Board was consulted, before the start of the study, and the board advised that no formal ethical approval was required. The lead clinician of each cardiothoracic department at the selected hospitals was contacted by e-mail to obtain permission to carry out the study. Written informed consent was obtained granting permission for their physiotherapists to participate in the study.
Data was analysed using descriptive statistics, and the mean, median, and range were calculated. The SPSS version 15.0 software package (SPSS Inc, Chicago, IL) was used for the statistical analysis.
Results
Responses were received from physiotherapists at all 8 hospitals to which the survey was sent. Three of the 36 identified physiotherapists were not included in the study because they were on parental leave or were not longer working with the actual patient group. In total, 29 replies were received out of the 33 questionnaires sent out, giving a response rate of 88%.
Seven male and twenty two female physiotherapists aged 41 ± 8 (range 27-59) years answered the questionnaire. The total mean work experience as a physiotherapist was 10 ± 7 (range 1-33) years, and the mean work time at a department of cardiothoracic surgery was 6 ± 4 (range 1-16) years. Twenty-one (72%) of the respondents had completed specific courses in the cardiopulmonary area.
In total, 23 (88%) physiotherapists informed the patients pre-operatively about breathing exercises and coughing techniques, and 19 (73%) had asked the patients to practice the techniques preoperatively. Identification of patients at high risk for postoperative pulmonary complications was noted by 16 (62%) of the physiotherapists preoperatively. The risk factors mentioned were as follows; obstructive and/or restrictive lung disease (n = 16), overweight (n = 12), current smoking (n = 10), decreased physical activity ability (n = 7), high age (n = 5), secretion problems (n = 4), dementia (n = 2), diabetes (n = 1) and neurological disease (n = 1).
Chest physiotherapy treatment was routinely given to the patients, at the thoracic intensive care unit (ICU), during the first post-operative morning after surgery. Twenty of the physiotherapists had experience from working in the ICU. Written guidelines or protocols for the physiotherapy treatment of extubated patients in the ICU were available according to 14 of the respondents, whereas physiotherapy guidelines for intubated patients were less accessible (n = 4). Two of the physiotherapists performed manual hyperinflation of the lungs, 7 performed suction of airways via nose, mouth, or tracheotomy, and 5 actively participated in the procedure for weaning a patient off the respirator.
During the initial post-operative days the patients usually received 1 to 3 treatment sessions a day by the physiotherapist (table 1) . Treatment given is presented in table 2.
Detailed information on postoperative mobilization, range of motion exercises, and sternal precautions has been published previously [11] .
Coughing support was provided to the patients, according to all 29 physiotherapists. Several methods were used: patient performance with a small pillow, without a pillow, manual support from the physiotherapist, or sternal support with a device such as the Heart Hugger harness.
All of the physiotherapists instructed the patients to perform breathing exercises on a regular basis post-operatively. Breathing exercises usually provided to the patients on the first postoperative days after surgery are presented in table 3. The two most frequently used breathing techniques were positive expiratory pressure (PEP) device breathing and deep breathing performed without any mechanical device. PEP device breathing was routinely used as first choice treatment by treatment by 24 (83%) of the respondents. Expiratory pres-sures used for PEP treatment was in the range of 2 to 20 cm H 2 O. The instruction to the patient on how to perform the breathing exercises with the PEP device (mask, mouth-piece, or blow bottle) was almost identical for 19 of the physiotherapists, who told the patients to perform deep inspiration, and after that perform a slightly forced expiration through the PEP device without emptying the lungs, to avoid airway closure. Of these 19 physiotherapists, 3 in addition taught the patients to perform an inspiratory hold at maximal lung volume during the deep breathing. Two respondents answered that the instruction was individualised for each patient, and 2 reported that the instruction was to perform quiet breathing, while 6 physiotherapists did not answer this question.
All physiotherapists except one instructed the patients to perform the recommended breathing exercises once an hour during the first two postoperative days. The number of breaths that the patients were instructed to perform at each training session during the first two post-operative days varied; 10 x 3 breaths (n = 21), 20 x 2 breaths (n = 3), 10 breaths (n = 4), 4-5 breaths hourly (n = 1). During the rest of the hospital stay, 19 physiotherapists recommended the same training frequency and duration as during the first two post-operative days, 3 gave other instructions depending on the mobilisation grade and 7 did not answer.
Instructions to the patients to continue breathing exercises after discharge varied considerably, from no instructions (n = 6), continue when indicated (n = 9), continue for an unspecified time a day (n = 9), or instructions to quit at discharge (n = 2). The most frequently recommended device for the patients to take home was a PEP device/ mouthpiece (n = 10) or a blow bottle (n = 8). One physiotherapist suggested pursed lips breathing after discharge. After discharge the patients were recommended to continue the breathing exercises with varying duration from not at all up to three months post-operatively.
Discussion
This is the first national survey in Europe to describe the use of breathing exercises after cardiac surgery. Chest physiotherapy practice in Sweden has many similarities to other international surveys of clinical practice [8] [9] [10] . Several breathing exercises are applied, besides early mobilisation. In the present study, all physiotherapists instructed the patients to perform breathing exercises, with or without PEP, on a regular basis postoperatively. Deep breathing exercises was the first choice of breathing technique and this in agreement with the results from Overend et al. [9] , who demonstrated that treatment the first postoperative days primarily consisted of deep breathing exercises and coughing. The earlier study by Tucker et al. [8] performed in Australia and New Zealand in the 90´s, also demonstrated that deep breathing exercises was the most commonly used technique.
The use of breathing exercises with positive pressure devices is used extensively in clinical practice post-operatively in Brazil [10] and after thoracic surgery in Australia and New Zealand [12] , despite the lack of evidence of benefit com- pared with that for conventional breathing exercises [13] [14] [15] [16] . To visualise and facilitate inspiration the Incentive spirometry device is often recommended as treatment in other countries [8, 9] , but is seldom used in Sweden. The optimal technique is not established, and there are presently no systematic reviews on the most favourable breathing technique after cardiac surgery.
Breathing exercises were applied once per hour for the first two post-operative days, while repetitions at each training session varied between 4 and 30 breaths during the first post-operative days. There is no agreement on how often breathing exercises should be performed, but the physiotherapists' most commonly recommendation of hourly treatment in the present study, is consistent with the current literature on the suggested frequency [1, 17, 18] .
Different hospital policy, of course, dictates how clinical practice is performed, but to compare routines at different hospitals was not the focus in the present survey. The organisation of physiotherapy treatment and rehabilitation programmes differs between countries, which could limit the applicability and comparison to other countries [19] . Post-operative care is, moreover, an interdisciplinary approach, and many therapies are applied by the personal staff, which plays an important role in post-operative care, however, other professional categories were likewise not the focus in this survey.
The number of respondents was rather small, although representing all cardiac surgical units in Sweden. A response rate of 88% can be considered high. Various strategies were employed to achieve the high response rate. Cover letters were included with the questionnaires, clear instructions were given, and reminders were sent out if questionnaires had not been returned [20] . Responses were received from physiotherapists at all hospitals to which the survey was sent, and the total population sample gives the study good external validity. We believe that this survey provides a representative illustration of how chest physiotherapy treatment of cardiac surgery patients is carried out in Sweden. However, no validated questionnaire was used, the inquiry was comprehensive, and selection or reporting bias may have influenced the validity. Despite these limitations, we believe that the results from this survey could reflect current clinical practice.
Post-operative complications are relatively frequent after cardiac surgery. It has earlier been suggested that breathing exercises after uncomplicated cardiac surgery confers no extra benefit [21, 22] . Since then, several articles showing the effect of both pre-and postoperative chest physiotherapy techniques have been published [1, 2, 4, 15] . However, there is currently no evidence to support one breathing technique over another [6, 15, 23, 24] .
In summary, this study provides an overview of current practice regarding postoperative breathing exercises recommended to cardiac surgery patients in Sweden. All physiotherapists regularly advised postoperative breathing exercises. The two most frequently used techniques were deep breathing with a PEP device and deep breathing without a device. The breathing exercises were most often performed hourly. Recommended repetitions at each training session varied considerably and inconsistent recommendations to continue breathing exercises after discharge was given. This study raises further questions about the best way to treat these patients and highlights the need for future research to optimise physiotherapy treatment following cardiac surgery.
In many hospitals, chest physiotherapy is routinely offered after cardiac surgery. If the practice is uniform among all physiotherapists in each unit is furthermore important to consider. There are various treatment options and opinions about the best way to treat the patients, and this survey indicates the need for internationally approved guidelines to establish the optimal content and timing of post-operative breathing exercises. 
